The structural compositions of the most active deoxyribozyme and its derivatives have been examined by electrophoresis, and their crystallization conditions were surveyed for X-ray analysis.
INTRODUCTION
DNA has been regarded as a rather inactive molecule, evolved only for carrying genetic information. Recently, it has been found that DNA molecule with a particular sequence can also have a catalytic activity', similar to RNA ribozymes. Unlike the latter, which are widely distributed in nature, all deoxyribozymes have been derived by in vitro selection 2 . Similarly to those shown in Fig.l , the deoxyribozyme has two arms to capture the RNA substrate through the Watson-Crick base-pairings.
The deoxyribozyme cleaves a 3',5'-phosphodiester linkage between purine and pyrimidine residues of the RNA substrate, in the presence of divalent metal ions 3 . In addition, it has been found that when all the residues of the substrate, except the two residues just before and after the scissile linkage, are replaced with the deoxy forms (see Fig.l ), the cleavage reaction is enhanced 4 . In the present study, the structural composition of such deoxyribozymes has been examined by electrophoresis, and crystallization conditions for X-ray analysis surveyed to reveal the reaction mechanism. . Filled and blank letters represent 2'-deoxyribonucleotides and ribonucleotides, respectively. The catalytic DNA has two arms to capture the substrate. The cleavage site is indicated by an arrow.
MATERIALS AND METHODS
Seven kinds of derivatives (four catalytic DNA and three substrates, see Fig.2 ) were synthesized and purified by PAGE and HPLC, and then dialyzed against milliQ water. To prevent hydrolysis, the scissile G residue was replaced with the deoxy or the methoxy derivative in advance. For phase problem in X-ray crystallography, the 1st residue or the 29th residue of the catalytic DNA was replaced with its bromo-or iodo-derivatives. X, Y and OMeG indicate 2'-deoxy-5-iodocytidine, 2'-deoxy-5-bromocytidine and 2'-methoxy-guanosine residues, respectively. Four catalytic DNA mixed respectively with a substrate (DR17G) in 1:1 molar ratio were dissolved in 50mM Tris-HC1 buffer (pH8.0) containing 25mM MgCl 2 . The reaction mixtures were then subjected to denaturing 20% PAGE with 8M urea to confirm their reactivity. To analyze the structural composition of the enzyme-substrate complexes, the reaction mixtures with other two substrates (DR31dG and DR31OMeG) were subjected on 20% PAGE in the presence and in the absence of lOmM Mg 2+ ions. The mixtures incubated at 90°C for lOmin in 25mM MgCl 2 (pH6.5) or in milliQ water and slowly cooled to room temperature were used to evaluate heat-treatment effect The equimolar binary mixtures between the four catalytic DNA and the two substrates (DR31dG and DR31OMeG) in 25mM MgCl 2 solution or in milliQ water were heat-treated in the same way.
Crystallization was performed by the hanging drop vapor diffusion method at 20°C. Twenty-four kinds of screening buffers containing 40mM sodium cacodylate and 10% 2-methyl-2,4-pentandiol (MPD) were examined. The sample and salts concentrations were varied. Crystals appeared were confirmed to be made of nucleic acid by a fluorescence microscope. The crystals were dissolved in 25mM MgCl 2 , and applied to 20% PAGE for analysis of complex formation and its structural composition.
RESULTS AND DISCUSSION
Reaction activity assay indicates that the catalytic DNA is still active, even when it is modified by substituting with a halogen atom at either stem of the two arms. It suggests that such introduction of halogen atom has no effect on the reaction mechanism. Fig.3 shows a result of gel-shift assay of binary mixtures between the catalytic DNA and the substrate in the absence and in the presence of Mg 2+ ion. In the absence, two bands corresponding respectively to the enzyme and to the substrate appear separately, that is they run independently. It means that the two oligonucleotides never form any complex with each other in the absence of Mg 2+ ion. While in the presence, the binary mixtures show only a single band that moves more slowly than those of the enzyme and the substrate. These behaviors indicate that Mg 2+ ion is essential to form the active complex. But lanes 1 and 3 show weak bands moved extremely slowly, and they are not dependent to the presence or the absence of Mg 2+ ion. Molecular weights, estimated from the moved distance in lane 3, suggest existence of the quaternary complex between the two enzymes and two substrates, which has been identified as an inactive complex 5 .
To reveal the reaction mechanism, the active (binary) complex should be crystallized. The existence of the quaternary complex may interfere crystallization of the binary complex. The heat-treated mixture (lane 3 of Fig.3(c) ) shows no such band corresponding to the quaternary complex, but formation only the binary complex.
Crystals shown in Fig.4 were grown up for one week in a 4pl droplet of 40mM sodium cacodylate buffer (pH7.0) containing 0.06mM DNA, 25mM MgCl 2 , 80mM spermine tetrahydrochloride, 80mM SrCl 2 and 10% MPD. Similar crystals were also obtained from a 4pl droplet of 40mM sodium cacodylate buffer (pH7.0) containing 0.3mM DNA, 20mM MgCl 2 , 80mM spermine tetrahydrochloride, 80mM SrCl 2 and 10% MPD. These crystals were confirmed to be made of nucleic acid by detecting their fluorescence. The electrophoresis pattern when the crystals were dissolved indicates that these crystals are composed of the binary complexes between the enzyme and the substrate. However, since the crystals are still not so large enough in size for collecting high resolution X-ray data, we are trying to get larger ones. 
